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(57) Abstract: A dual input battery 
assisted power converter (10) which 
provides a continuous, regulated DC 
voltage output to a user-connected mobile 
device, such as, a laptop computer or 
a cell phone, for example. The power 
converter (10) comprises a power supply 
circuit (12) and a separate, detachable 
power storage circuit comprising a battery 
pack: (14) having a re-chargeable battery 
(36). The power supply (12) is adapted 
to deliver a pair of regulated DC output 
voltages, of opposite voltage potentials, 
to a pair of respective output terminals. 
Preferably these output voltages are 
derived from two external input voltages: 
an AC input voltage and a DC input 
voltage. Advantageously, if both of the 
external input voltages are temporarily 
removed, the batteiy pack (14) will 
advantageously serve as a substitute DC 
input power source, thereby allowing 
the power supply (12) to deliver the 
same regulated DC output voltage to the 
user-connected mobile device without 
interruption. Moreover, once either of 
the external input voltages are again 
re-established, the battery pack (14) 
automatically taps the output terminal 
of the power supply (12) at a node to 
recharge the battery pack (14). 
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DUAL INPUT AC/DC/ BATTERY OPERATED 
POWER SUPPLY 

CLAIM OF PRIORITY 

5 

The present application is a Continuation-in-Part (C-I-P) application 
of, and claims priority from, commonly assigned U.S. Patent application Serial 
No. 10/005,961 filed December 3, 2001, the teachings of which are 
incorporated herein by reference. 

10 

TECHNICAL FIELD 

The present invention generally relates to the field of power 
converters, and, more particularly, to a portable, dual input AC and DC to 
15 programmable DC output power converter. 

BACKGROUND OF THE INVENTION 

As PC notebooks, PDAs, cell phones and the like, continue to grow in 
20 popularity, so too does the need for more low cost, compact, power supplies to 
power these devices. Today, most manufacturers of mobile devices typically 
include plug-in power adapters along with these mobile devices to help 
facilitate their customers' power supply needs. 

However, there exists a need for a power converter that resolves the 
25 system management problems associated with carrying all of the different 
power supply components necessary to power a wide variety of mobile or 
portable devices. Moreover, such a power converter would advantageously 
encompass serving the power supply needs of several different mobile devices 
by supplying a regulated DC output voltage, responsive to either an external 
30 AC or external DC input voltage. Also, such a power converter would have 
power storing capabilities which allow the power converter to deliver a 
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constant uninterrupted DC output voltage to a user-connected mobile device 
whenever the external input voltages are momentarily cut off. 

SUMMARY OF THE INVENTION 

5 The present invention achieves technical advantages as a power 

converter delivering a constant, regulated DC output voltage that may be 
derived distinctly from two separate external input voltages, an AC input 
voltage or a DC input voltage, and in addition, from a separate, detachable 
battery pack. The detachable battery pack advantageously allows the power 
10 converter to automatically and continuously deliver the regulated DC voltage 
to the mobile device whenever each external input voltage is unreliable or is 
temporarily removed. Additionally, the power converter also utilizes a portion 
of the regulated DC output voltage to conveniently recharge the battery pack 
during normal operation. 

15 

In one embodiment, the present invention is a power converter 
comprising a power supply circuit and a selectively removable storage circuit. 
The power supply circuit includes a pair of input filter circuits, each adapted to 
filter respective AC and DC input voltages provided to the power supply 

20 circuit and providing a pair of filtered output voltages. The power supply 
circuit also comprises a DC-to-DC converter and an AC-to-DC converter, 
each providing a DC voltage output. The power supply also further comprises 
a shared DC circuit receivingly coupled to the respective DC outputs of the 
DC-to-DC converter and the AC-to-DC converter. The shared DC circuit 

25 provides two regulated DC output voltages, of opposite polarities, at two 

respective output terminals thereof The shared DC circuit is also adapted to 
allow users to selectively program the regulated output voltage, via a 
programmable key, to conveniently match the voltage and current 
specifications of their mobile devices. 

30 
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The detachable battery pack comprises a re-chargeable battery, a 
battery charger for delivering a charge current to the re-chargeable battery, and 
a switching circuit comprising a pair of switches and an inverter gate for 
controlling the charging function of the battery pack. The battery pack is 
5 adapted to tap the output terminal of the power supply circuit during normal 
operation via a common connector plug for recharging. Advantageously, the 
battery pack can serve as a secondary source of DC input power, in turn, 
allowing the power supply of the power converter to continuously deliver 
power to a user-connected device even if each external input voltage is 
1 0 temporarily interrupted or removed. 



BRIEF DESCRIPTION OF THE DRAWINGS 



15 Advantages of the invention and the specific embodiments will be 

understood by those of ordinary skill in the art by reference to the following 
detailed description of preferred embodiments taken in conjunction with the 
drawings, in which: 

Figure 1 shows an AC/DC input power converter having a detachable 
20 battery pack coupled thereto in accordance with an exemplary embodiment of 
the present invention. 

Figure 2 shows an AC/DC input power converter wherein the 
detachable back includes multiple stackable rechargeable batteries. 



25 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

The invention is a multiple input power converter 10 that can be 
operated from any one of three mutually exclusive and external input power 
5 sources: a DC input, an AC input, or a separate, removable battery pack 14. 
The power converter 10 can generate and deliver a regulated DC voltage 
output to variety of. user-connected mobile devices, such as, laptop computers, 
cell phones, or PDAs, for example. However, if both of the external AC and 
DC input voltages are accidentally or intentionally interrupted or removed 
10 from converter 10, then the battery pack 14 will serve as a secondary source of 
input power to power the power converter 12 to deliver an uninterrupted 
regulated DC voltage. Moreover, the power converter 10 will charge the 
battery pack 14 with a portion of the same regulated DC output voltage during 
normal operation so that battery power is available if needed. 

15 In Figure 1 there is shown the dual input AC/DC power converter 10 

comprising the power supply 12 with the physically detachable battery pack 
14 coupled thereto in accordance with an exemplary embodiment of the 
present invention. The power supply 12 includes two input terminals 16 and 
18 for receiving the external DC input voltage and the AC input voltage, 

20 respectively. The DC input voltage is preferably an external DC voltage, 
namely, derived from a source such as an auto cigarette lighter plug, or an 
airline EMPOWER DC plug, and, having a voltage ranging between 5VDC 
and 15VDC. Likewise, the AC input is preferably an external AC voltage 
derived from a source such as that found in most homes and business 

25 environments, ranging between 1 12VAC and 230VAC. In a preferred 

embodiment, the power supply 12 delivers two, regulated DC voltages, at 
output terminal 22, to a user-connected mobile device coupled thereat. 

In one embodiment, the power supply 12 includes a pair of noise 
filtering circuits 24 and 26 for filtering each respective input voltage arriving 
30 at input terminals 16 and 18. The power supply 12 also includes a DC-to-DC 



-4- 



WO 03/038980 



PCT/US02/34766 



converter circuit 30 which steps up the filtered DC voltage to a voltage of 
between 15 volts and 24 volts DC and thereafter passes it to a shared DC 
circuit 34. Similarly, the power supply 12 includes an AC-to-DC converter 
circuit 32 that converts the filtered AC voltage to a DC signal of between 
5 15volts and 24 volts. The output of the AC-to-DC converter 32 is also inputted 
to the shared DC circuit 34. The voltages exiting the shared DC circuit 34, via 
terminals 20 and 22, comprise a pair of regulated DC output voltages that 
users may use to power a variety of different user-connected mobile device(s). 
Moreover, users of the present invention are able to control the magnitude of 

10 the regulated DC voltage output, as well as, the current output via a separately 
detachable programming key 15. For a more detailed description of the shared 
DC circuit 34 and the programming key 15, cross-reference is made to co- 
pending U.S. Patent Application Serial No. 10/005,961 entitled "A Dual Input 
AC and DC Power Supply Having A Programmable DC Output", the 

1 5 teachings of which are incorporated herein by reference. 

The power converter 10 also comprises the separate, detachable battery 
pack 14, tapping the power supply 12 at respective nodes Nl, N2 and N3 via 
connector plug 50. The battery pack 14 comprises a re-chargeable battery 36, 
a battery charger 38, and a switching circuit comprising a first switch 40, a 
20 second switch 42, and an inverter gate 44. 

The present invention may be configured to operate in one of two 
different operating modes: first, a direct power mode wherein the power 
supply 12 generates the regulated DC output voltage by deriving input power 
from either of the external input voltages provided to respective input 
25 terminals 16 and 18; and second, a battery mode, where the power supply 12 
provides a similarly regulated DC output voltage which is alternatively 
derived from the battery 36 of the removable battery pack 14. Preferably, the 
present invention automatically operates in the battery mode when both of the 
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external input voltages is momentarily interrupted or removed from power 
supply 12. 

In the direct power mode, the physically attached battery pack 14 is 
electrically connected to the power supply 12 via node N3, which also feeds 
5 the output terminal 22. The battery pack 14 includes the first switch 40 and 
the second switch 42 with the inverter gate 44 coupled therebetween and with 
each operating initially from a normally open position, as shown. The battery 
pack 14 also includes the battery charger 38 and the re-chargeable battery 36. 

In operation, when either filter circuit 24 or 26 senses a received DC or 
10 AC voltage, respectively, it generates a power-on signal on line 46 which is 
sensed by the inverter gate 44. The power-on signal on line 46 triggers the 
first switch 40 to close. This same power-on signal 46 is inverted by the 
inverter gate 44 and received by the second switch 42 causing it to remain in 
the normally open position. Once the first switch 40 is closed, a portion of the 
15 regulated DC output voltage provided at node N3 is passed to the battery 
charger 38 by switch 40. Once energized, the battery charger 38 passes a 
charge current to the positive electrode of the re-chargeable battery 36 for 
charging the same. Moreover, since the second switch 42 remains in the 
normally open position, switch 42 prevents the re-chargeable battery from 
20 feeding a battery voltage to node Nl, thereby preventing the power supply 12 
from receiving additional DC input power. 

Hence, in the direct power mode, the present invention delivers the 
regulated DC output voltage, to both the mobile device at terminal 22 and to 
the battery pack 14. Advantageously, users of the present invention are spared 
25 the trouble of purchasing a separate battery pack charger to charge the battery 
pack 14. 

In the battery mode, i.e. no input AC or DC power being provided to 
power supply 12, the battery pack 14 automatically functions as a secondary 
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DC input power source. Here, no power-on signal is asserted on line 46 by the 
power supply 12. As such, the first switch 40 remains in the normally open 
position, and inverter gate 44 now triggers the second switch 42 to transition 
from its normally open position to a closed position. As a result, the second 
5 switch 42 electrically couples node Nl of the power supply 12 to the positive 
terminal of the re-chargeable battery 36. Moreover, when the second switch 
42 is closed, the re-chargeable battery 36 feeds a DC voltage of between 5 
volts and 24 volts to node Nl. This input battery voltage at node Nl feeds the 
input of the DC-to-DC converter 30, which in turn generates a stepped up DC 

10 voltage in response thereto and feeds it to the input of the DC shared circuit 
34. The shared DC circuit 34 then generates and delivers two regulated DC 
voltages of between 5 volts and 24 volts, via output terminals 20 and 22, to the 
user's mobile devices connected thereto. Thus, the battery pack 14 
advantageously serves as an alternate DC input source that continually 

15 provides a DC input voltage to the power supply 12 even if each external input 
voltage at respective terminals 16 and 18 are temporarily suspended or 
removed. 

The power supply 12 automatically reverts back to operating in the 
direct power mode whenever either external AC or DC input voltage is re- 

20 established to terminals 16 and 18. In reverting back to its direct power mode, 
the power supply 12 will again generate an internal power on signal on line 46 
causing the first switch 40 to close, and switch 42 to open, thereby causing the 
battery charger 38 to charge the re-chargeable battery 36. As previously 
described this same power-on signal 46 is inverted by the inverter gate 44 such 

25 that the second switch 42 in its normally open position. This effectively 
disconnects the positive terminal of the re-chargeable battery 36 from node 
Nl, thereby, effectively cutting off battery power from being delivered to the 
power supply 12. 
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Preferably, the inverter gate 44, which is coupled between switches 40 and 42, ensures that 
each switch is operating in the opposite state of the other. That is, the inverter gate 44 
properly deactivates the battery pack 14 to ensure that the power supply 12 is not receiving 
input power from all three external power sources, simultaneously. 

5 

In alternative embodiments, the battery charger 38 has characteristics to match both the 
chemistry of the re-chargeable battery 36 such that the battery pack 14 may be comprised 
of multiple, stacked re-chargeable batteries 52 and 54. As shown in Figure 2, these 
additional re-chargeable batteries may be adapted to advantageously provide the power 
10 supply 12 with added power storing capabilities. 

The numerous innovative teachings of the present applications will be described with 
particular reference to the presently preferred exemplary embodiments. However, it 
should be understood that this class of embodiments provides only a few examples of the 
15 many advantageous uses and innovative teachings herein. In general, statements made in 
the specification of the present application do not necessarily delimit any of the various 
claimed inventions. Moreover, some statements may apply to some inventive features, but 
not to others. 

20 Where the terms "comprise", "comprises", "comprised" or "comprising" are used in this 
specification, they are to be interpreted as specifying the presence of the stated features, 
integers, steps or components referred to, but not to preclude the presence or addition of 
one or more other feature, integer, step, component or group thereof. 
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The claims defining the invention are as follows: 

1 . A power converter, including: 

a power supply circuit providing a regulated DC output voltage and having first 
and second circuits, said power supply circuit receiving an AC input voltage and a DC 
input voltage at respective said first and second circuits and providing, in response thereto, 
a DC output voltage at a first node; and 

a storage circuit coupled to said power supply circuit, said storage circuit storing a 
secondary DC input voltage, wherein said storage circuit automatically delivers said 
secondary DC input voltage to said power supply circuit only in response to said AC and 
DC input voltages being temporarily removed to generate the regulated DC output voltage 
being sufficient to power a portable device. 

2. The power converter of Claim 1 wherein said storage circuit includes a 
battery charger and a re-chargeable battery, said battery charger being selectively coupled 
to the first node of said power supply circuit in response to either said AC input voltage or 
said DC input voltage being provided to said power supply circuit, charging said re- 
chargeable battery via a portion said of said regulated DC output voltage. 

3. The power converter of Claim 1 wherein said storage circuit is 
selectively couplable to, and removable from, said power supply circuit. 

4. The power converter of Claim 2 wherein said storage circuit further 
includes a first switch and a second switch, said battery charger, responsive to said first 
and second switches charging said re-chargeable battery. 

5. The power converter of Claim 4 wherein said re-chargeable battery, 
responsive to said second switch being closed and said first switch being opened by said 
power supply circuit, providing a DC input voltage to one said circuit. 

6. The power converter of Claim 5 wherein said storage circuit includes an 
inverter gate, said inverter gate being coupled to and controlling said first and second 
switches. 
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7. The power converter of Claim 1 wherein said first circuit includes a AC- 
to-DC converter, wherein said AC-to-DC converter is adapted to provide a DC output 
voltage of between 15VDC and 24VDC. 

8. The power converter of Claim 7 wherein said second circuit includes a 
DC-to-DC boost converter, wherein said DC-to-DC boost converter is adapted to provide a 
DC output voltage of between 15VDC and 24VDC. 

9. The power converter of Claim 1 wherein said power supply circuit 
provides both a first and second regulated DC output voltage. 

10. The power converter of Claim 1 wherein said storage circuit includes a 
battery pack having a re-chargeable battery, said power supply circuit providing said 
regulated DC output voltage in response to receiving a charge voltage from said re- 
chargeable battery. 

1 1 . The power converter of Claim 3 wherein said power supply circuit is 
selectively coupled to said storage circuit at a plurality of different nodes via a common 
connector. 

12. The power converter of Claim 1 wherein said power supply circuit is 
adapted to provide a pair of regulated DC output voltages of between 5VDC and 24VDC. 

13. The power converter of Claim 1, wherein said power supply circuit is 
adapted to operate in a direct power mode whenever either said AC and DC input voltages 
is provided to said first and second circuits and such that the storage circuit is not 
delivering said secondary DC input voltage to said power supply circuit. 

14. The power converter of Claim 1 wherein said power supply circuit is 
adapted to automatically operate in a battery mode form the storage circuit whenever said 
AC and DC input voltages are not provided to the converter such that the regulated DC 
output voltage is substantially uninterrupted when the converter transitions from operating 
from the AC input voltage or the DC input voltage to operating from the storage circuit. 
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15. The power converter of Claim 1 wherein said storage circuit is 
configured to incorporate a plurality of stacked batteries. 

16. A method of operating a power converter powering a portable device, the 
method including the steps of: 

generating a DC output voltage responsive to an AC or DC input voltage using a 
power converter; and 

automatically delivering a back-up DC input voltage to said power converter only 
in response to said AC and DC input voltages being removed therefrom and generating 
said DC output voltage in response thereto being sufficient to power the portable device. 

17. The method of Claim 16 wherein a storage circuit including a re- 
chargeable battery provides said back-up DC input voltage. 

1 8. The method of Claim 1 7 wherein a portion of said DC output voltage is 
provided to said storage circuit to recharge said re-chargeable battery only when either said 
AC or DC input voltage is provided to said power converter. 

19. The method of Claim 17 wherein said power converter includes an AC to 
DC converter and a DC to DC converter. 

20. The method of Claim 1 7 further including the step of selectively 
attaching the storage circuit to the power converter. 

Dated this 12 th day of April, 2005 

MOBILITY ELECTRONICS, INC. 

By Their Patent Attorneys 
CALLINAN LAWRIE 
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FIG. 2 
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